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Abstract 
Widespread geographic movement and extensive comingling of exhibition swine facilitates the spread and trans-
mission of infectious pathogens. Nasal samples were collected from 2862 pigs at 102 exhibitions and tested for five 
pathogens. At least one pathogen was molecularly detected in pigs at 63 (61.8%) exhibitions. Influenza A virus was 
most prevalent and was detected in 498 (17.4%) samples. Influenza D virus was detected in two (0.07%) samples. 
More than one pathogen was detected in 165 (5.8%) samples. Influenza A virus remains a top threat to animal and 
human health, but other pathogens may be disseminated through the exhibition swine population.
© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
Introduction, methods, and results
Agricultural swine exhibitions showcase a variety of 
swine related educational programs, livestock auctions, 
and competitive shows for youth throughout the United 
States. Swine exhibitions are unique agricultural settings 
where large numbers of pigs from various geographic 
locales that would otherwise not come in contact with 
one another are co-housed and comingled for the length 
of the exhibition. Long exhibition durations (3–7  days), 
direct contact of swine, and relaxed biosecurity strate-
gies have all been recognized as risk factors for the rapid 
transmission of infectious pathogens infecting swine dur-
ing exhibitions [1, 2]. Influenza A virus (IAV) has been 
routinely detected in swine at agricultural exhibitions, 
where subclinical infection is common and can make rec-
ognition difficult [3–6]. Swine are important mixing ves-
sels of IAV, where genetic reassortment between multiple 
IAV strains may produce novel, potentially more viru-
lent strains [7]. The comingling of large numbers of IAV 
infected swine at exhibitions may increase the chance for 
the emergence of these reassortant viruses.
In addition to the extensive interaction of swine, exhi-
bitions also create a unique human-animal interface, 
where exhibiting families and the general public are per-
mitted to interact with swine. This unique swine-human 
interface facilitates zoonotic transmission of IAVs dur-
ing swine exhibitions [8]. Continued detection of vari-
ant IAVs, IAVs infecting humans that normally circulate 
in swine, in individuals who have association with swine 
exhibitions has begun to heighten disease awareness and 
surveillance in exhibition swine [9, 10]. Combined with 
the ability of IAVs to reassort in swine, the increased 
swine-human interface of exhibitions creates opportuni-
ties for novel IAV strains to enter the human population, 
potentially leading to an influenza pandemic. Continued 
disease surveillance is vital to understanding the epide-
miology of IAV and other pathogens infecting swine at 
agricultural exhibitions in order to protect animal and 
public health.
Commonly raised on small farms with varying manage-
ment practices, the exhibition swine population is unlike 
commercial swine, which are managed in large herds 
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under strict biosecurity protocols [11, 12]. Coupled with 
extensive movement over a large geographic area in order 
to attend multiple exhibitions, exhibition swine facilitate 
the widespread dissemination of infectious pathogens 
throughout the country [11, 13]. Therefore, exhibition 
swine represent a unique niche in the total swine popu-
lation that may play an important role in the ecology 
and epidemiology of all swine infectious diseases. With 
continued detection of IAV and increasing awareness 
of disease in exhibition swine, the current study aims to 
identify pathogens in addition to IAV that may be circu-
lating in this swine population. Other swine respiratory 
viruses such as porcine hemagglutinating encephalomy-
elitis virus (PHEV), porcine reproductive and respiratory 
syndrome virus (PRRSV), porcine parainfluenza virus 1 
(PPIV1), and influenza D virus (IDV) have only briefly 
been described in exhibition swine and their prevalence 
and overall impact in exhibition swine remains unknown 
[12, 14–16]. With varying degrees of severity and impact 
on swine and human health, understanding the overall 
disease ecology and epidemiology of the exhibition swine 
population is vital to the development and implementa-
tion of disease mitigation strategies designed to protect 
animal and public health. Here, we describe the overall 
estimated prevalence of five infectious respiratory viruses 
in swine at agricultural exhibitions and assess the poten-
tial epidemiological role of exhibition swine.
In 2016, as part of an ongoing IAV surveillance pro-
gram, 2862 pigs at 102 exhibitions across six states were 
sampled by nasal swab or nasal wipe [17, 18]. All sam-
ples underwent nucleic acid extraction and were tested 
individually for IAV using real-time reverse transcrip-
tion polymerase chain reaction (rRT-PCR) as previously 
described [19]. Five microliters of extracted nucleic acid 
of no more than seven individual pigs from the same 
exhibition were pooled and screened for PPIV1, PHEV, 
and IDV using rRT-PCR as previously described [14, 16, 
20] and for PRRSv using the VetMAX PRRSv reagents 
and manufacturer’s protocol (ThermoFisher Scientific, 
Waltham, MA, USA). Nucleic acid of samples within 
positive pools was subsequently tested individually using 
the same methods.
During field sample collection, exhibitions with ≥ 1 pig 
showing clinical signs consistent with influenza like ill-
ness (ILI) were recorded as having pigs with ILI [1]. Five 
of the exhibitions were excluded from statistical analysis 
due to lack of clinical sign data. Logistic regression (Stata 
special edition 14.2, College Station, TX, USA) was per-
formed to determine any association between ILI noted 
at the exhibition and the detection of a pathogen in the 
pigs.
At least one pathogen was detected in the pigs at 63 
(61.8%) of the 102 swine exhibitions tested. Influenza 
A virus was detected among the pigs at 37 (36.3%) and 
was detected at more exhibitions than any of the other 
viruses. In contrast, Influenza D virus was detected in the 
pigs at the fewest exhibitions; only pigs at two (2.0%) of 
the exhibitions tested positive for IDV (Table  1). More 
than one pathogen was detected among the pigs at 31 
(30.4%) exhibitions; four pathogens were detected at 
three (2.9%), representing the highest number of patho-
gens detected among the pigs at any of the exhibitions. 
Exhibitions with pigs testing positive for at least one 
pathogen had 2.4 times the odds of having noted ILI com-
pared to exhibitions where no pathogens were detected 
(p < 0.05). Detection of IAV in swine at exhibitions was 
the only pathogen with a significant positive association 
to noted ILI at exhibitions (OR = 1.3, p < 0.05). However, 
with fewer positives, this association may be hidden for 
the other pathogens.
Out of the 2862 pigs sampled, 785 (27.4%) tested 
positive for at least one pathogen. The most commonly 
detected pathogen was IAV which was detected in 498 
(17.4%) pigs. Influenza A virus was detected in more pigs 
Table 1 Number of agricultural exhibitions with pigs testing positive for respiratory viruses by state 
Individual swine nasal samples from 102 agricultural exhibitions across six states were tested for five respiratory viruses using real-time reverse transcription 
polymerase chain reaction. The number of swine exhibitions with ≥ 1 pig positive for each pathogen are shown by state. Out of the 102 exhibitions tested, at least one 
pathogen was detected in the pigs at 63 (61.8%). The pigs at 31 (30.4%) exhibitions were positive for more than one virus.
IAV: influenza A virus, PPIV1: porcine parainfluenza virus 1, PHEV: porcine hemagglutinating encephalomyelitis, PRRSv: porcine reproductive and respiratory syndrome 
virus, IDV: influenza D virus.
State Negative IAV PPIV1 PHEV PRRSv IDV
Ohio 20 13 15 12 6 1
Indiana 12 17 14 14 5 1
Michigan 8 5 1 0 1 0
West Virginia 1 0 0 0 0 0
Kentucky 0 1 1 1 0 0
Iowa 0 1 1 1 1 0
Total 41 37 32 28 13 2
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than the next two most prevalent pathogens combined, 
PHEV and PPIV1, which were detected in 251 (8.8%) and 
201 (7.0%) pigs, respectively. Influenza D virus was the 
least prevalent and was only detected in two (0.07%) pigs 
(Table  2). Co-infections were common with 165 (5.8%) 
pigs testing positive for more than one pathogen, includ-
ing four (0.14%) pigs testing positive for three pathogens, 
which were the most pathogens found in co-infected, 
individual pigs.
Discussion
Due to widespread movement and prolonged intermin-
gling, exhibition swine and the variety of pathogens they 
carry should be considered significant for both swine 
and human health. There has been increased attention 
on IAV in swine at exhibitions from veterinarians, health 
officials, and exhibition attendees due to recent IAV 
zoonotic transmission events [9, 21, 22]. Previous active 
surveillance has described the epidemiology of IAV in 
swine at exhibitions in the U.S.; at exhibitions where ≥ 1 
pig tests positive for IAV, over 60% of the pigs will have 
active IAV infection by the conclusion of the exhibition 
[3]. There were 18 cases of variant influenza infections 
associated with the IAVs detected in this population of 
exhibition swine, and IAV should remain a priority for 
infectious disease surveillance and mitigation in exhibi-
tion swine [22]. Several mitigation strategies have been 
suggested and implemented at exhibitions as the concern 
for animal and public health rises. Many of these strate-
gies are aimed at reducing the risk of IAV transmission 
between pigs and humans before, during, and after agri-
cultural swine exhibitions [1, 2]. Still, IAV continues to 
impact exhibition swine and was detected at almost dou-
ble the prevalence of PHEV, the next most prevalent virus 
of those included in this study.
Despite the persistent spread of IAV through exhibition 
swine and its implications for both animal and human 
health, other infectious pathogens can be detected in 
exhibition swine and should not be ignored. Identifica-
tion of active infections in exhibition swine is vital to 
protecting animal and human health during agricultural 
exhibitions. Pigs at exhibitions with at least one patho-
gen detected in the pigs were more likely to exhibit ILI. 
However, subclinical infections are common and there is 
overlap in clinical signs associated with various respira-
tory pathogens in swine; because of this, clinical signs 
should not be solely relied upon for the detection and 
subsequent diagnosis of infectious pathogens in swine at 
exhibitions [3, 6]. Proper biosecurity should be used at 
all times, even in the absence of clinical signs, in order to 
reduce the risk of intra- and interspecies transmission of 
all pathogens during exhibitions.
Focus on animal and public health at swine exhibitions 
is a priority, but the potential for introduction of infec-
tious pathogens from exhibition swine into commercial 
swine facilities should also be considered. An estimated 
39% of exhibition pigs are raised near commercial swine, 
with many of those returning home after attending an 
exhibition [12]. Detection of pathogens such as PHEV 
and PRRSv in exhibition swine raises concern for com-
mercial swine due to the potential economic implica-
tions should they enter the production system. PRRSv 
alone causes an estimated $600 million in economic 
loses annually in the United States swine production sys-
tem [23]. Detection of PPIV1 and IDV also raises con-
cern, though they are more recently described in swine 
and their overall consequences to swine health are still 
unknown [15, 16].
In addition to the five pathogens assessed in the pre-
sent study, there is potential for other pathogens to travel 
with and spread through exhibition swine that may also 
present a threat to commercial swine, including foreign 
animal-diseases. Exhibition swine should not be disre-
garded as potential hosts and disseminators of diseases 
such as African swine fever virus (ASFV); movement and 
comingling of pigs have been recognized as risk factors 
for the spread of ASFV in endemic regions [24]. If over-
looked, exhibition pigs may create a niche for devastating 
pathogens, with extensive animal movement resulting in 
rapid spread across the country. The findings of this study 
highlight the potential role of exhibition swine in the 
disease ecology and epidemiology of the United States 
swine population. Lack of sustained disease surveillance 
and application of mitigation strategies for swine at agri-
cultural exhibitions will allow for continued variant IAV 
infections that pose considerable risk to public health 
and could ultimately lead to a devastating disease epizo-
otic within the U.S. swine herd.
Table 2 Respiratory viruses detected in individual pigs at 
agricultural exhibitions 
Individual swine nasal samples from 102 agricultural exhibitions were tested 
for five respiratory viruses by real-time reverse transcription polymerase chain 
reaction. The number of individual pigs positive for each pathogen are shown. 
Seven hundred eighty-five pigs tested positive for at least one pathogen. Of 
those, 165 pigs tested positive for > 1 pathogen.
IAV: influenza A virus, PPIV1: porcine parainfluenza virus 1, PHEV: porcine 
hemagglutinating encephalomyelitis, PRRSv: porcine reproductive and 
respiratory syndrome virus, IDV: influenza D virus.
Pathogens detected in pigs 
at exhibitions
Number of pigs positive (%)
n = 2862
IAV 498 (17.4)
PHEV 251 (8.8)
PPIV1 201 (7.0)
PRRSv 20 (0.7)
IDV 2 (0.07)
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